ABSTRACT -This study aimed to describe the population structure of the Amazon shrimp Macrobrachium amazonicum, as well as their relative growth between the length of the cephalothorax and the total length, and between the length of the cephalothorax and the total mass of shrimps of a fluvial-estuarine plain in the State of Pará. Shrimps were sampled monthly from August 2006 to July 2007, using trawl nets, taking three replicates at each site (Arapiranga and Mosqueiro) per month, totaling 72 replicates. We caught 5,510 specimens, being 90.90% from Arapiranga Island and 9.1% from Mosqueiro Island. The highest densities occurred in July (1.33 individuals/m²), at the beginning of the dry season and in December (1.66 individuals/m²), at the beginning of the rainy season. The morphometric analysis for separate and grouped sexes resulted in negative and positive allometric growth. Ovigerous females were observed in all months, indicating continuous reproduction and the majority (67.81%) was caught during the less rainy season. The abundance and continuous reproduction of M. amazonicum show that this estuary offers conditions for the proper development of this population.
INTRODUCTION

The
Amazon shrimp Macrobrachium amazonicum (Heller, 1862) occurs in various habitats, from inland waters (lentic and lotic environments) to estuaries (OdinetzCollart, 1991) . This great environmental plasticity of the species has been related to intraspecific differences ranging from morphological characteristics (Porto, 2004) to genetic variations (Peixoto, 2002; Pileggi and Mantelatto, 2010; Vergamini et al., 2011) which might reflect specific conditions of survival, development, reproduction, focused on artificial environments (Coelho et al., 1982; Lobão et al., 1996; Moraes-Riodades and Valenti, 2002; Moraes-Valenti and Valenti, 2007; Marques et al., 2012) . Relative growth in natural populations are poorly known (Flexa et al., 2005; Silva et al., 2007; Bentes et al., 2011; Freire et al., 2012) and the available data are not yet sufficient for a satisfactory comprehension of the plasticity of the species in relation to environmental changes in the many Amazon ecosystems (Maciel and Valenti, 2009) .
Assessments of the population structure of shrimps are indispensable in understanding the various relationships that different populations may provide in relation to environmental conditions and this can be evaluated from changes related to growth, sex ratio and reproduction. The species can show wide variations in their population pattern with respect to various factors such as modified environmental conditions, density changes and genetic characteristics, among others (Fonteles Filho, 1989) .
Considering the wide ecological and morphological variability of M. amazonicum is essential to understand the life cycle of different populations in natural environment. Despite the growing scientific progress in this area, there are still several biological issues to be studied among decapods, as populations' aspects that provides important information for understanding the dynamics of species and helps preserve biodiversity (Mantelatto and Barbosa, 2005) . This study aimed to estimate the density and calculate the sex ratio of M. amazonicum, as well as investigating the relative growth of the cephalothorax length (CL) with the total length (TL) and the total mass (TM) of shrimps in the fluvial-estuarine plain of northern Brazil.
MATERIAL AND METHODS
Two sites were chosen for this study: Arapiranga Island (01°19'S and 48°33'W) and Mosqueiro Island (Marinhas Channel) (01°10'S and 48°19'W), which is about 70 km from the city of Belém, State of Pará (Fig. 1) . Both sites are relatively preserved with native vegetation on the margins and similar hydrodynamics conditions. These islands compose the region of the estuary Guajará Bay, a place composed of many channels that constitute a dendritic drainage system containing slightly acidic waters, low transparency and wide variation in quantity of dissolved salts getting lot of oceanic sediment and fluvial origin (Paiva et al., 2006) . The bottom is muddy (silt and clay), prevalent in these locations (Gregório and Mendes, 2009 ).
In the State of Pará, annual rainfall variations determine two distinct climatic periods: a) rainy, with the highest rainfall rates between December and May (mean pluviosity of 983 mm) and b) less rainy, between June and November, with mean pluviosity of 60 mm (Moraes et al., 2005) .
Shrimps were collected monthly from August 2006 to July 2007, using a manual trawl net 2.60 m long, with 1.80 m height, 5.60 m wide opening, and 15 mm mesh size (opposed nodes), with wooden rods used as support for handling the net by two people. The net was trawled for a standardized distance of 100 m for each sample unit. Three trawls were performed per month on each site, totaling 72 sample units (2 sites x 12 months x three replicates) collected at ebb tide in the new moon and during the day in sediment composed predominantly of fine sand, silt and clay.
Shrimps were identified according to Cervigón et al. (1992) and Melo (2003) and sexed considering the number of appendages on the second pair of pleopods as reference (two in males and one in females). Very small shrimps in which it was not possible to observe the secondary sex characters were classified as indeterminate. Total length (TL), from the tip of the rostrum to the end of the telson, and the cephalothorax length (CL), from the orbital cavity to the posterior margin of the carapace, were measured in each specimen with the aid of a digital caliper (0.01 mm precision), total wet mass (TM) was measured with a digital scale (0.01 g).
The density of shrimps was expressed in number of individuals per square meter (ind./m 2 ), and the swept area (A) was obtained from the formula: A = NO x DC, in which NO = width of net opening (5.60 m) and DC = standardized distance covered in meters (100 m), totaling 560 m 2 . The shrimps of the two study sites were pooled for analysis because evidence suggests that they belonged to the same population of M. amazonicum. Geographically, the regions of collections are very close to each other and there are no geographical barriers. Moreover, the genetic variability of the species in Pará suggest that no genetic differences are able to structure distinct populations in these environmental conditions (Blank, 2013) and the work of Vergamini et al. (2011) only identifies differences between coastal and continental populations of this species.
The relationships between TM and CL and between TL and CL were described using the BioEstat software, version 5.0 ® (Ayres et al., 2007) through regression analysis, in which data were logarithmized to obtain the linear function. The type of growth investigated, regarding the relationships between length (TL x CL) and mass (TM x CL), was determined by the value of the coefficient "b", obtained by using the following linear equation: Y = a + b.X, where: Y = logTL and mass; X = logCL; a = intersection on the Y axis, when X = 0; b = slope of the straight line or constant rate of Y variation as a function of X. The relationship between the variables determines whether the parts of the body grow proportionally (isometric) in which b = 1 (for TL x CL) or b = 3 (for TM x CL), or if a body part grows more or less in proportion to the other (allometry). When the variable Y analyzed varies to a lesser proportion than X, it characterizes negative allometry, i.e., b < 1 or b < 3. Otherwise, there is a positive allometry (b > 1 or b > 3) (Hartnoll, 1982) . The condition of the coefficient "b" of the linear relationships for males and females was tested by Student's t-test. For this analysis, we only used intact shrimps, in order to avoid errors of estimation in case that part of the body could have been damaged.
The null hypothesis of equal sexual proportion was tested by x² (Chi-square). The normality and the homocedasticity of the variables studied were assessed with ShapiroWilk and Bartlett's tests, respectively. However, even after mathematical transformations, the results did not match the assumptions of parametric tests. A significance level of 95% was adopted for all tests.
RESULTS
Collected shrimps totaled 5,510 of which 91.01% (5,016) were from Arapiranga Island and 8.99% (495) from Mosqueiro Island. Considering the shrimps from the two islands, the density of M. amazonicum was higher in July (1.33 ind./m 2 ), at the beginning of the less rainy period, and in December (1.66 ind./ m 2 ), at the beginning of the rainy season. The lowest densities occurred in January (0.31 ind./m 2 ) and March (0.37 ind./m 2 ) (Fig. 2) . A total of 2,829 females (51.34%), 2,659 males (48.25%) and 22 (0.39%) indeterminate sex were captured. The total proportion of male:female (0.94:1) was not statistically significant (p > 0.05). Males were more frequent in classes between 9 and 11 mm of CL, while the majority of females were in classes 12 to 14 mm of CL (Fig. 3) . With the exception of the 12 mm class, the classes of length between 9 and 21 mm showed no significant difference regarding the sexual proportion (Fig. 3) . Mean values of CL (11.75 ± 1.5 mm), average TL (55.83 ± 12.8 mm) and TM (1.57 ± 1,53 g) of males were smaller than those of females (CL: 13.44 ± 2.97 mm, TL: 59.33 ± 13.22 mm and TM: 2.09 ± 1.42 g) (CL: t = 15.89, p < 0.001; TL: t = 10.99, p < 0.001).
Ovigerous females were found in every month. We found 319 ovigerous females of M. amazonicum, which represent 11.31% of the total of females. The highest proportion (67.81%), occurred during the less rainy season and 103 (32.19%) in the rainy season. March and October were the months of highest incidence of ovigerous females in relation to non-ovigerous females (Fig. 4) .
The relation TL x CL had positive allometry (b > 1), i.e., the growth of TL was greater in relation to the proportional growth of the cephalothorax for both sexes, separated and together (Fig. 5) . Negative allometry (b < 3) was found for the relation between mass (TM) and CL for the sexes together and for males and females separately (Fig. 6 ). The coefficient "b" did not differ significantly between the sexes regarding the relation TL x CL and it was only significant for TM x CL (t = 3.03, p < 0.05). 
DISCUSSION
The highest densities of M. amazonicum occurred in the less rainy season, probably due to the smaller volume of water that decreases the area of occupancy of the species (OdinetzCollart and Moreira, 1993). There is high amount of material in suspension during the rainy season in the Guajará Bay (Pará) due to high rainfall. Consequently, the phytoplankton is reduced during this period because there is little light penetration (Paiva et al., 2006) . Therefore, the decrease of M. amazonicum at this time can be caused by reduced availability of food for the larvae. Another factor that may contribute to these results is that the volume of water in the rainy season is increased by decreasing the catchability of shrimp during this period.
Overall sex-ratio of M. amazonicum that did not differ significantly from the expected 1:1 was also verified by Flexa et al. (2005) , Sampaio et al. (2007) and Silva et al. (2007) . The ovigerous females of M. amazonicum were found throughout the year; indicating continuous reproduction, as also observed by Odinetz-Collart (1991) in the lower Amazon region, Peixoto (2002) , Lucena-Frédou et al. (2010) and Freire et al. (2012) .
The highest numbers of ovigerous females of M. amazonicum were found in March and October, being more frequent in the less rainy period when the seawater enters the estuary, which is an important condition for larval development (Guest and Durocher, 1979; Lobão et al., 1987) . This pattern diverges from several studies that reported a peak in reproduction only in the rainiest seasons in different regions of Brazil, as well as in other Amazon regions (Odinetz-Collart, 1991) , Northeast (Bragagnoli and Grotta, 1995; Sampaio et al., 2007) , Midwest (Porto, 1998) and South (Bialetzki et al., 1997) . Several environmental factors contribute to reproduction of estuarine shrimp, such as temperature, sediment, salinity and rainfall (Pinheiro and Hebling, 1998) . However, in areas of study such factors do not seem to exert influence on the reproductive cycle of M. amazonicum. The highest peak of ovigerous females in the middle of the distinct seasons suggests a relationship with the strongest currents which occur in these periods, because, according to Lucena-Frédou et al. (2010) , the main stimulus for reproduction seems to be the current velocity and the availability of food, due to the greater dispersion of larvae promoted by these strong currents, increasing the occupancy in a greater number of habitats.
Macrobrachium amazonicum showed higher growth in total length than in cephalothorax length, since the latter grew more in proportion compared to increase in mass. The positive allometry of the TL may be due to the increase of females' abdomen to maximize reproduction, providing a larger surface for adherence of eggs . According to Moraes-Riodades and Valenti (2002) in a study about M. amazonicum in shrimp farms, this pattern is justified since the cephalothorax contains most of the shrimp's vital organs (heart, stomach, gonads and gills). This pattern of lengths of relative growth obtained in this study corroborate those found by Lobão et al. (1996) , which analyzed the species in captivity, Flexa et al. (2005) in Cametá (Pará), Silva et al. (2007) on Combu Island, Bentes et al. (2011) in the Guajará estuary (Pará) and Freire et al. (2012) in an estuary in northeast Pará. However, the relationship mass/length of the cephalothorax also showed negative allometry, which is a pattern widely reported in the literature on Palaemonidae (Flexa et al., 2005; Silva et al., 2007) .
Coefficient "b" was significantly different (p < 0.05) between males and females with regard to variables TM x CL, revealing a possible sexual dimorphism. The existence of a size difference between the sexes without any difference in mass between males suggests that they may have had a mass gain in body parts (eg., Sequelae) which is not reflected in overall size. This result was also found by Flexa et al. (2005) studying the population of Macrobrachium amazonicum in Cametá (Pará); Mantelatto and Barbosa (2005) studying Macrobrachium brasiliense (Heller, 1862) in the inland waters of the State of São Paulo; and Collins (2001 ) investigating M. borelli (Nobili, 1896 in the Paraná River.
Males of M. amazonicum were smaller in CL and TL than those of females, which is a pattern similar to that found by Bentes et al. (2011) in the same estuary, though using passive fishing gear (matapi trap). Males are more susceptible to predation and fishing; therefore, they had lower average sizes, while females can adopt cryptic habits for protection of offspring and the larger size of females may reflect a breeding strategy for ensuring more eggs attached to the pleopods, thereby increasing the chances of survival (Bentes et al., 2011) . Females attain larger sizes because of the space required to store reserves, offspring and eggs (Magalhães and Walker, 1988) . These body size patterns of males and females corroborate with the work of Silva et al. (2002) in the Vigia estuary (PA), Flexa et al. (2005) and Bentes et al. (2011) . The study of species held by Odinetz-Collart and Moreira (1993) and Silva et al. (2007) in the Amazon basin also reveal larger lengths of females, which denotes a pattern for Amazon populations. Mantelatto and Barbosa (2005) Flexa et al. (2005) , Bentes et al. (2011) and Freire et al. (2012) .
Changes in weight of shrimps may be associated with metabolism, energy output or stomach contents . Although males were smaller than females, the sexes did not differ in mass, probably due to males gaining mass in other body structures, such as chelipeds, which are more robust. Although the species present patterns that corroborate most studies in estuarine environments, especially in relation to growth and abundance, there are still differences of others, demonstrating that their population aspects are peculiar in the estuary Guajará, reinforcing its high environmental plasticity.
The information on population structure obtained in this study serves as a baseline for future comparisons of natural populations of other regions, as well as farmed shrimp populations. Due to the high economic potential and ecological importance of M. amazonicum, further studies are needed for a better understanding of the species in the natural environment in order to subsidize conservation strategies, since it is a target species of small-scale fishing in the Amazon region and there is no fishing regulation for this resource. 
ACKNOWLEDGEMENTS
